Abstract. We evaluated 100 referred women with breast implants (n=97) or silicone fluid injections (n=3) into breasts who developed various symptoms. All reported symptoms occurred at a median latency period of 6 years (range 0-24 years) after implantation or injection of silicone. Commonest symptoms were weakness (95%), fatigability (95%), myalgia (90%), morning stiffness (89%), arthralgia (81%), memory loss (81%), sensory loss (77%), headache (73%) and dry eyes and dry mouth (72%). Laboratory results revealed abnormal levels of serum immunoglobulins or complement in 57% and autoantibodies in 78%. Sural nerve biopsy was abnormal in 80% with the major finding of loss of myelinated fibers in 79%. Biceps muscle biopsy was abnormal in 58% with the major finding of neurogenic atrophy in 27%. Ninety six patients underwent implant removal; 60% of the patients were found to have one or both implants ruptured with silicone spilled into tissue. At time of removal, a pectoralis major muscle biopsy was taken which was abnormal in 89% with the major finding of neurogenic atrophy in 55%. Biopsy of implant capsule was abnormal in 94% showing foreign body giant cells containing retractile material consistent with silicone in 69% whether or not the elastomer shell was ruptured. Silicone can cause a systemic autoimmune disease with a variety of symptoms probably due to a global activation of the immune system. Since our patients had objective laboratory and histologic findings together with a high rate of mechanical implant failure, further investigations are necessary. (Keio J Med 43 (2): 79-87, June 1994)
We have now (December 1993) evaluated around 1500 women who developed an autoimmune disease associated with breast implants. The purpose of this study was to find out whether women with breast implants or silicone fluid injections and symptoms have objective laboratory and histologic findings.
Patients and Methods
The patients are the first 100 consecutively presenting women with silicone breast implants or silicone fluid injections who were referred to our service for evalua tion of their symptoms between 1985 and July, 1992. All patients developed the symptoms reported here after receiving silicone breast implants or silicone fluid injection. The median age of the patients at the time of first implantation of silicone breast implants or silicone fluid injections was 32 years (range 19-52 years). The median age of onset of clinical symptoms was 38 years (range 23-57 years). The median latency period between insertion of silicone implants or injection of silicone fluid and development of clinical symptoms was 6 years (range 0-24 years).
Sixty-eight patients had received silicone breast implants (n=65) or silicone fluid injections (n=3) for cosmetic purpose. Thirty-two patients had received silicone breast implants for reconstruction of the breast after mastectomy for either fibrocystic disease (n=28) or breast cancer (n=4).
Fifty-six patients had received silicone-gel filled breast implants, 20 patients had silicone-gel filled breast implants coated with polyurethane, 17 patients had double-lumen silicone breast implants and 4 patients had saline filled silicone breast implants. Three patients had silicone fluid injections into breast. Two of these later received silicone-gel breast implants. Forty-one patients had received more than one pair of breast implants due to local complications of the initial breast implants. Initial symptoms were morning stiffness, skin rash, myalgia, arthralgia and easy fatigability followed by pro gressive weakness. Initially, these nonspecific symptoms were generally attributed to the effects of stress or a psychological disturbance. All patients presented with at least 20 to 30 symptoms. Some patients developed severe myalgia, weakness and fatigue which rendered them bedridden. The commonest rash was a livedo reticularis involving the lower more than the upper extremities and tended to become confluent over the knees and elbows and a rash in the "V" shape of the neck. Other rashes included erythematous reactions in face, trunk and extremities (Fig 1) . Punch biopsies of the skin showed usually nonspecific inflammatory changes consistent with collagen vascular disease which could not be further classified. Fifty-eight patients developed Raynaud's phenomena with one patient's finger progress ing into gangrene (Fig 2) . The little finger in this patient had to be amputated. The patients' symptoms upon presentation to our service are summarized in Table 1 . The patients' findings on neurological examination are summarized in Table 2 . Table  1 Commonest Symptoms disease, but there were also other findings in these patients such as myalgia, arthralgia, joint swelling, rashes, dry eyes and dry mouth (Sicca-Complex), Raynaud's phenomena, low grade fevers or lymphadenopathy. Eight of the patients with multiple sclerosis-like disease had additional findings of polyneuropathy. Five patients died during the study. Three patients with motor neuron disease syndrome died (one 7, two 8 years after the onset of symptoms) of respiratory failure. One of them had an autopsy and was found to have demyelination of the lateral columns and loss of anterior horn cells compatible with motor neuron disease. However, a biopsy per formed when she initially presented revealed segmental demyelination in sural nerve; a sensory nerve. This finding was confirmed by the pathologist at time of autopsy. One patient died of renal failure and 1 of congestive heart failure. Both of the latter had evidence of systemic autoimmune disease with involvement of organs and polyneuropathy. The patient that died of congestive heart failure had a unique implant complication 2 years prior to her death. During a blood transfusion into her right subclavian vein, the needle went acciden tally into her right silicone-gel breast implant. After inflation with a unit of blood, the implant ruptured, silicone-gel spilled in the abdominal tissues and the tissues of the thigh on the right side. She then developed sclerosis with progressive fibrosis of the skin in the distribution of the spilled gel. Over the ensuing 2 years, the sclerosis spread concentrically from the area of spill Fifty-seven percent of the patients had abnormal levels of quantitative immunoglobulins and complement C3 and C4 (Table 3) . Seventy-eight percent of the patients were found to have autodirected antibodies (Table 4) . The cy/MAG and cy/GM1 ratios (ratio of IgM antibody titer/antibody titer to Histone H3)28 were elevated in most patients.
Eighty-four patients underwent an MRI of the brain . Nineteen patients had multiple white matter lesions (9 of them had multiple sclerosis-like syndrome), 13 patients had multiple small ischemic lesions and the remaining 52 patients had a normal MRI of the brain. Twenty-eight patients underwent a lumbar puncture. Thirteen patients were found to have oligoclonal bands (10 of them had multiple sclerosis-like syndrome), 6 patients had increased gammaglobulin, 5 patients had increased total protein, 4 patients had an increased IgG synthesis rate, 1 had decreased protein and 2 patients had a normal CSF analysis. EMG with nerve conduction velocity (NCV) studies were done in 93 patients. Twenty-four had findings of small, short, low amplitude motor unit potentials on intramuscular recordings commonly referred to as myopathic potentials, but also seen in nerve terminal twig disease, 23 patients had evidence of denervation with polyphasia, giant motor units, fibrillations, or decreased recruitment, 11 patients had findings of carpal tunnel syndrome, 4 patients had findings of an axonal neuropathy and the 2 patients with myasthenia gravis had a decrement of greater than 8% between the 1st and 4th response on repetitive stimulation. The remaining 44 patients had normal NCV and EMG. Twenty patients underwent measurements of visual evoked responses and 11 patients were found to have delayed responses (8 bilaterally, 2 on the right and 1 on the left, out of them 10 patients had multiple sclerosis-like syndrome).
Thirty-two patients had a xeromammogram of the breasts. Six patients showed findings of fibrocystic disease, 6 patients showed calcification of the implants and the implant capsule, 3 patients showed lymphadenopathy with silicone uptake, 2 patients showed evidence of implant rupture, 1 patient showed ruptured implants and free silicone in the milk ducts (Fig 3) and 15 patients had a normal mammogram. Forty patients had an ultrasound of the breasts. Eight patients showed evidence of implant rupture, 6 patients showed free silicone in the surround ing tissue, 5 patients had lymphadenopathy, 3 patients showed fibrocystic disease and 22 patients had a normal ultrasound. Forty-five patients had an MRI of the breasts. Eleven patients showed evidence of implant rupture (Fig  4) , 9 patients showed free silicone in the surrounding tissue, 1 patient with previous silicone injections showed free silicone fluid in tissue and 21 patients had a normal MRI.
Histological findings
Eighty percent of the patients had an abnormal sural nerve biopsy with the major finding of loss of myelinated fibers in 79%. Most patients had moderate loss of myelinated fibers (estimated loss of 35-45%). Fifty-eight percent of the patients had an abnormal biceps muscle biopsy with the major finding of neurogenic atrophy in 27%.
Ninety-four of the patients had an abnormal implant capsule biopsy with findings of foamy histiocytes, macro phages or lymphocytes in 81% and foreign body giant cells sometimes containing silicone in 69% (Table 5 ). Figure 5 shows an area of chronic inflammation in a capsule biopsy. Figure 6 shows foreign body cells with phagocytized silicone. Eighty-nine percent of the patients had an abnormal pectoralis major muscle biopsy with the major finding of neurogenic atrophy in 55%. Figure 7 shows the findings of chronic inflammation, rounding of muscle fibers and increased connective tissue as seen in myositis. Figure 8 shows free silicone that had spilled into the pectoralis major muscle on pectoralis major muscle biopsy.
Implant removal
Ninety-six patients underwent removal of the implants and the surrounding fibrous implant capsules. The median age of the patients at removal was 44 years (range 30-59 years). Fifty-seven patients (60%), of whom 41 had more than one pair of implants, were found to have ruptured implants with spilled silicone into tissue (Fig 9) . Figure 10 shows the removed fragments of a ruptured silicone-gel implant. Figure 11 shows severe degra dation of the polyurethane of a silicone-gel polyurethane covered breast implant. This patient who had previous augmentation of her breasts was found to have breast cancer at time of implant removal. 
Discussion
The goal of this study was to find out whether patients with silicone breast implants or silicone injections and symptoms have objective laboratory findings. The result of this study is that the patients who presented to us with symptoms after receiving silicone breast implants or silicone fluid injections had objective findings on physical examination, laboratory testing and tissue pathology. Fifty-seven percent of the patients had abnormal levels of immunoglobulins or complements (Table 3) , 78% of the patients had autodirected antibodies (Table 4) , 80% of the patients had an abnormal sural nerve biopsy, 58% of the patients had an abnormal biceps muscle biopsy, 94% of the patients had an abnormal implant capsule biopsy (Table 5) and 89% of the patients had an abnormal pectoralis major muscle biopsy. Patients also presented with a high number of local problems of the breasts (76%) and were found to have an unusual high incidence of implant rupture (60%).
All of our patients presented with a variety of rheu matological and nonspecific symptoms as listed in Table  1 in addition to the neurological symptoms. Only 36% of our patients had positive ANA (most of them had a low titer) and only 11% h had positive RE When in addition other antibodies such as anti-GM1, antisulfatide or anti -MAG antibodies were measured, a total of 78% of the patients had autodirected antibodies. Almost all patients with idiopathic systemic lupus erythematosus have a positive ANA 30 and about 70% of patients with idiopathic rheumatoid arthritis have a positive RF.30 Thus, routine laboratory tests for rheumatic diseases such as ANA or RF were often negative, but other laboratory tests and tissue biopsies showed abnormalities in a high number of patients. Therefore, our patients did have objective findings, but the disease characteristics and laboratory features differed from idiopathic rheumatological or neurological diseases. All of our patients reported at least 20 to 30 different symptoms (Table 1) . The symptoms of patients with idiopathic diseases are usually more circumscribed. Hence, our patients developed a syndrome of neurological, rheumatological and non specific signs and symptoms that was diagnosed with "Adjuvant Breast Disease" as first described by Miyoshi et al in 1964. 31 An adjuvant is a substance that enhances or changes immune system responses.
Bridges et al22 reported 156 women with silicone breast implants who had developed atypical rheumatic disease. In their study, only 9% had tested positive for RF and only 22% had tested positive for ANA. They concluded that women with silicone breast implants may develop atypical rheumatic diseases which differ from idiopathic diseases. Love et al23 reached the same conclusion. They investigated 13 patients who developed myositis after receiving silicone breast implants and found as well that their clinical and immunogenetic features differ from idiopathic myositis. Freundlich et al24 reported 24 patients with silicone breast implants who developed atypical Sjogren's-like syndrome with dry eyes and dry mouth, adenopathy and glandular mononuclear cell infiltrates in the absence of serological findings.
Controlled epidemiologic studies about the occurrence of rheumatological and neurological symptoms in women with breast implants don't exist yet. It is not possible in our opinion to compare the incidence of the atypical disease (Adjuvant Breast Disease) patients with breast implants tend to develop with the known incidence of idiopathic rheumatological or neurological disease in the general population, since patients with breast implants seem not to develop idiopathic diseases. We believe our patients are presenting with a new disease called "Adjuvant Breast Disease" .
Because many women with breast implants and symptoms currently seek medical attention, we can not just wait starting to treat these women until the final proof of a cause and effect relationship between silicone breast implants or silicone fluid injections and disease is delivered. Regardless of cause, these women are ill and need medical attention. If we assume for a moment that there is not enough evidence of a cause and effect relationship between silicone breast implants and diseases, how shall the patient with breast implants and autoim mune disease be managed? One answer could be to disregard the implants and just to treat the disease with anti-inflammatory or immunosuppressive drugs. The other answer could be to remove first the foreign body and then, if necessary, treat the patient with additional medications because other foreign bodies and chemicals such as silica (up to 30% in the gel and the envelope of silicone breast implants) have been associated with the development of rheumatological and systemic autoim mune diseases in the past 32,33 and there is no proof that silicone breast implants could not do the same. The implant manufacturer Dow Corning recommends in their current package insert34 that if an immune response in a patient is suspected and the response persists, the prosthesis and the surrounding capsule tissue should be removed and such patients should not be reimplanted.
It is also important to investigate the patients' implant condition because a ruptured implant alone, whether the woman has symptoms or not, is, and has always been, an indication for implant removal because of the known adverse effects of free silicone in tissue. We believe the surrounding implant capsule should be removed together en-bloc (as a single unit) with the breast implants because our findings and those of other clinicians5-7 show that silicone leaks in the surrounding tissue whether or not the implants were ruptured. Surgeons should make every effort to remove as much spilled silicone and surrounding capsule tissue as possible in order to increase the chance of improvement in women with symptoms and to diminish adverse effects of free silicone in tissue . Symptoms developed in our patients after a median latency y period of 6 years between implantation or injection of silicone and development of first clinical symptoms. Sixty percent of the patients were found to have ruptured implants. To investigate the life expectancy of implants, we presented the status of the implants at time of removal in Fig 12 as a survival curve. As expected, the passage of time presages implant ruptures and the relationship between time to removal and implant status is almost linear. Hence, failure rate appears to be a constant function of time. The half life of an implant was estimated from this data to be 14.0 years. However, a 14 year half life is an overestimation, since time to failure is always less than removal time. The implant failure rate observed in our patients was 37.1%. This rate is similar to the one reported by Robinson et al.36 Breast implants tend to degrade causing implant rupture. Patients therefore need to be aware that surgeries to remove ruptured implants and spills of free silicone into tissue are likely to be necessary.
DeCamara et al37 had a similar observation. They found that the percentage of ruptured implants increased dramatically after 7 years and virtually all implants that were more than 10 years old were ruptured or leaking. Their data also suggests that silicone implants were likely to break as they age, regardless of whether a woman experienced trauma. 37 The House of Representatives Subcommittee on government operations analyzed 700 randomly selected letters of women who wrote to Chair man Weiss. 27 The women with problems tended to have had implants for 5-10 years or even longer. This is consistent with other experts' findings and our own findings that women with symptoms have implants that ruptured 7 years or more after implantation. We suggest that the time of onset of clinical symptoms might correlate with the degradation of the device in form of implant rupture or major silicone leak. However, we observed a broad range in the latency period of 0 to 24 years. The fact that our patients had received various kinds of implants from different manufacturers which exposed them to different chemicals and the interpersonal varia bility of the immune system might be responsible for the broad range in the latency period.
In view of the accumulating evidence, we suggest silicone breast implants and silicone fluid injections can provoke an autoimmune disease (Adjuvant Breast Disease) with a variety of symptoms probably due to a global activation of the immune system. The disease characteristics and laboratory features differ from idio pathic diseases. Because of the presence of objective abnormalities and a high rate of implant failure in our series, symptoms in women with silicone breast implants or silicone injections should not be neglected nor under estimated even if routine laboratory tests are normal. Physicians should be aware of an atypical disease in women with silicone breast implants. It is also important to examine the patient's breast implants thoroughly because an implant rupture might be present in patients with silicone breast implants and symptoms.
